DESCRIPTION OXYGEN CONCENTRATOR Technical Field The
present invention relates to an oxygen concentrator which selectively
eliminates nitrogen gas from raw material air using an adsorbent
selectively adsorbing nitrogen gas molecules relative to oxygen gas
molecules to produce oxygen-enriched air and supply it to users.
Background Art In recent years, the number of patients suffering from
respiratory diseases such as asthpppifgQnary emphysema, chronic
bronchitis and the like has tended to increase. One of the most effective
therapeutic methods for these diseases is oxygen inhalation therapy and
oxygen concentrators which separate oxygen-concentrated gas directly

from an oxygen tank or gii-haue\peendeuelopad@Rrd used as therapeutic

apparatus for oxygen. inhalation therapy. As the oxygen concentrator, a
pressure swing adsorption-type (hereinbelow refer to as PSA-type)
oxygen concentrator, which produces a highly concentrated oxygen gas
Ted¥niRLiQeEgiNg compressed air from a compressor into an adsorption
cylinder filled with an. adsorbent such as zeolites and the like selectively
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has widely been used. The PSA-type oxygen concentrator produces a
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below. Firstly, compressed air is supplied by a compressor into an
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ent such as zeolites and the like. The oxygen concentration in air is
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Background Art

In recent years, the number of patients suffering from respiratory diseases such
as asthma, pulmonary emphysema, chronic bronchitis and the like has tended to
increase. One of the most effective therapeutic methods for these diseases is oxygen
inhalation therapy and oxvygen concentrators which separate oxygen-concentrated gas
directly from an oxygen tank or air have been developed and used as therapeutic
apparatus for oxygen inhalation therapy.

As the oxygen concentrator, a pressure swing adsorption-type (hereinbelow
refer to as PSA-type) oxygen concentrator, which produces a highly concentrated
oxygen gas by mtroducing compressed air from a compressor into an adsorption
cylinder filled with an adsorbent such as zeolites and the like selectively adsorbing a
nitrogen gas to eliminate selectively a nitrogen gas in the air, has widely been used.

The PSA-type oxygen concentrator produces a highly concentrated oxygen gas
from air through the steps described below. Firstly, compressed air 1s supplied by a

compressor into an adsorption cylinder to adsorb a nitrogen gas contained in air by an



by selective adsorption and elimination of a nitrogen gas. The highly
concentrated oxygen gas thus obtained is transferred to a buffer (product
tank) storing oxygen gas via a check valve which is installed to prevent
the gas from flowing back and is stored therein. At the same time, a
nitrogen gas adsorbed by the adsorbent is desorbed from the adsorbent
by reducing the inner pressure of the adsorption cylinder to recover the

ad?ﬂ'*&é‘ﬁ %X%?lf %Q ezt%c{gggr %%'at the sfiry gll aﬁgﬁ%&%ﬁg@%%@%&% '18 noﬁl & g*nisq ?nscreased

may also be supplied into the adsor 0 promote
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concentrator has been. used, IS equipped with multiple adsorption
m&ylinders filled with an adsorbent selectively adsorbing a nitrogen gas and
in which oxygen concentration efficiency is increased by successively
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that an oxygen concentration obtained largely depends on the pressure o
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concentrator. It is thus required, in order to obtain a highly concentrated
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increase in the pressure of air to be supplied to the adsorption cylindéer as
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apparatus increases with the elevation of the capacity of the compressor
to supply,COMMBSSALAlfrafed oxygen-enriched air having an oxygen concentration

as high as 95% may be obtained from air by repeatedly pressurizing and depressurizing
the adsorption cylinder using the PSA-type oxygen concentrator. In recent years, as
such a PSA-type oxygen concentrator, a multiple cylinder-type oxygen concentrator has
been used, which is equipped with multiple adsorption cylinders filled with an
adsorbent selectively adsorbing a nitrogen gas and in which oxygen concentration
efficiency is increased by successively switching these adsorption cylinders by a rotary
valve,

It has been known that an oxygen concentration obtained largely depends on
the pressure of air to be compressed by a compressor in the PSA-type oxygen
concentrator. It 1s thus required, in order to obtain a highly concentrated oxygen gas,
to increase the capacity of the compressor to meet an increase in the pressure of air to be
supplied to the adsorption cylinder as far as possible. A problem arises, however, that
power consumption of apparatus increases with the elevation of the capacity of the

compressor to supply compressed air.



Various attempts had been made as measures for solving these problems
of the PSA-type oxygen concentrator. Patent Document 2 discloses a
PSA-type oxygen concentrator which realizes reduction in electric power
consumption of the apparatus by changing the supply capacity of a
compressed air supply device such as a compressor and the like based
on a value detected by an oxygen concentration detector for oxygen gas
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Patent Document 3: Japanese Patent Laid-open Publication No.
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Invention With the PSA-type oxygen concentrator ut g an adsor
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device suchas'a compressor and the like and an adsorption process
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oxygen gas thus obtained generally changes depending on
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due to properiies of an adsorbent, the amount of the nitrogen adsorbed
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decrease the oxygen concentration of a product. When the temperature is

low, aftheHoh iBe-ARONTBHULOISRAISAIDSSLRY hE- 34508 M007-000340

increases, the oxygen concentration of a product decreases due to
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In recent years, as shown in Patent Document 1, a method has been

proposed, in which highly concentrated oxygen is secured by changing

the capacity of a 3
Disclosure of the Invention
Problems to be Solved by the Invention

With the PSA-type oxygen concentrator utilizing an adsorbent, when a raw

material air supply volume from a compressed air supply device such as a compressor
and the like and an adsorption process sequence are constant, an oxygen concentration
of a concentrated oxygen gas thus obtained generally changes depending on
environmental (supplied air) temperature. When the temperature is high due to
properties of an adsorbent, the amount of the nitrogen adsorbed by the adsorbent
decreases, and thus nitrogen breaks through to decrease the oxvgen concentration of a
product.  When the temperature is low, although the amount of nitrogen adsorbed by
the adsorbent increases, the oxygen concentration of a product decreases due to
insufficient nitrogen desorption caused by a decrease in adsorption speed.

In recent years, as shown in Patent Document 1, a method has been proposed,

in which highly concentrated oxygen is secured by changing the capacity of a



compressed air supply device such as a compressor and the like based
on surrounding environment temperature. Since the pressure of air to be
introduced into the adsorption cylinder is required as high as possible and
the capacity of the compressed air supply device such as a compressor
and the like is required to be elevated in such an apparatus, however,
problems such as increased electric power consumption of the apparatus
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entration/supply when the supply capacity of the
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charged differs depending on environmental temperature. Accor y, a
apﬁ%%ﬁ%' deyice must be changed._EspeCiaIIy in Iow-tempergture
environment as compared with high temperatures, since it takes a longer
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and it takes a longer time until a decreasé in product concentration
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environment, a stabilization time of oxygeén concentratiori against the
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he like, namely, a response time of oxygen concentration is extremely
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absorption process remains unstable. Accordingly, the capacity of a
cofOMRLRSS M BHhgURPHAARYIGR, SUADRSrA LRIBIRTS BrARe B HKR i§cpending on
environmental temperature and response time to oxygen concentration/supply capacity
when the supply capacity of the compressed air supply device such as a compressor and
the like is charged differs depending on environmental temperature. Accordingly, a
control device must be changed.

Especially m low-temperature environment as compared with high
temperatures, since it takes a longer time to stabilize the process, response of oxygen
concentration is slower and it takes a longer time until a decrease in product
concentration appears. When such an apparatus is operated in low-temperature
environment, a stabilization time of oxygen concentration against the operation of a
compressed air supply device such as a compressor and the like, namely, a response
time of oxygen concentration is extremely slow, and a high oxygen concentration

condition may continue while the absorption process remains unstable. Accordingly,

the capacity of a compressed air supply device such as a compressor and the like is



4 reduced, in response to a detected oxygen concentration, to a level
lower than that for a raw material air volume essentially required. When
the process is stabilized later, since the capacity of the raw material air
supply device has been decreased to the level lower than that for the
amount of air essentially required, an oxygen concentration may rapidly
drop to deteriorate QOL of a user. In addition, as shown in Patent
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oxygen concentration capacity. With the’oxygen concentrator in general,
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device such as a compressor and the like is constant, oxygen
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depending on a flow rate for isolating the product. In other words, when a
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the product gas decreases; when a flow rate for isolating the product gas
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patient using an oxygen concentrator inhales oxygen through a nasa

coRPRENIRI Vigr apueienpigRdubR IcoRNg ctediipcthie Apparatlisithenasgdlonse to a
cannula and extension tube which are oxygen supply devices are

deftattened yntbenpatienthodysduning $gaRring Ardhiiedikeisedthat theiric power

patient cannot sometimes inhale the oxygen at an
consumption by reducing the capacity of the raw material air supply device when the
device is new and has high oxygen concentration capacity.

With the oxygen concentrator in general, when a volume of raw material air
supplied from a compressed air supply device such as a compressor and the like is
constant, oxygen concentration of the obtained concentrated oxygen gas is changed
depending on a flow rate for isolating the product. In other words, when a flow rate
for isolating the product gas is high, an oxygen concentration of the product gas
decreases; when a flow rate for isolating the product gas is low, an oxygen
concentration of the product gas increases.

Since a patient using an oxygen concentrator inhales oxygen through a nasal
cannula via an extension tube connected to the apparatus, the nasal cannula and
extension tube which are oxygen supply devices are flattened by the patient body during
sleeping and the like so that the patient cannot sometimes inhale the oxygen at an

oxygen flow rate essentially to be inhaled.



oxygen flow rate essentially to he inhaled. 5 In the apparatus described in
Patent Document 3, when a product flow rate decreases due to flattening
of a tube and the like, an oxygen concentration transiently increases and
thus control is performed to decrease the capacity of the compressed air
supply device such as a compressor and the like. When the tube recovers
from flattening and the product flow rate returns to normal under this
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compressor becomes insufficient, on the contrary, to decrease the
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which is essentially unnecessary may be activated. In addition, when a
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apparatus such as that described in Patent Document 3"and an oxygen
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proportional valve and the' like based on a value detected by the flow rate
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rate to be essentially inhaled by a patient, if the flow rate sensor cannot
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a flow rate exactly. Since an oxygen concentration decreases when an
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rate returns to normal, electric power consumption may increase unduly
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The present invention is to provide an oxygen concentrator which
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capacity of a raw material air

rate is adjusted using a flow rate adjustment device such as a proportional valve and the
like based on a value detected by the flow rate sensor, an oxygen supply volume may be
higher than the oxygen flow rate to be essentially inhaled by a patient, if the flow rate
sensor cannot detect a flow rate exactly or the flow rate adjustment device cannot adjust
a flow rate exactly. Since an oxygen concentration decreases when an oxygen flow
rate to be isolated increases, control is performed to increase the capacity of a
compressed air supply device such as a compressor and the like in order to compensate
the reduction. When a product flow rate retums to normal, electric power
consumption may increase unduly to increase economic burden to a patient.
Means to Solve the Problems

The present invention is to provide an oxygen concentrator which attempts to
reduce electric power consumption by decreasing the capacity of a raw material air

supply device, which provides highly concentrated oxygen to a patient by low electric

power consumption stably regardless of increase/decrease in environmental temperature



supply device, which provides highly concentrated oxygen to a patient by
low electric power consumption stably regardless of increase/decrease in
environmental temperature 6 and/or a certain amount of oxygen flow rate.
In addition, the present inventors have found that, by providing, in addition
to controlling the supply capacity of a raw material air supply device
based on a detected oxygen concentration value, an oxygen flow rate
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r
rt . .
supp?l&ecaabna%ltgug ?hgxl)é‘%ﬁnmé)tvevnrag%lr supply device when a detected

flow r%eg&alﬂsgstgﬁﬁgs%& Rredsten iyv%dfés}lgi ue, 6gtegg§wé@ateﬁiag %{{m to

volume does ndt chdnge even when an oxygen flow r créased Dby,

. : ) b
coﬂ?qu%?%;}ggeg\l}ébﬁgv %%gﬂwg%gr%%tn%e?&%%n Sﬁ%ﬁg peate ?mrgeacy a t%eetected

maintal n a‘product flow rate retur normal. Further,

i . b fi ing.co imi h ribed
ox ;%egleégggggxygfé%lug@v@éam@gér%fﬁmgl&%nﬁgéeéﬁaﬂ%&%ére?a Cg&%gnq introl

a flow rate sensor cannot ect exactly or
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oxygen flow rate becomes largerthan the’oxygen tlow rate essenti 0
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thus when a product flow rate returns to normal, increased electric power
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device duly high is prevented. In an oxygen concentrator having su
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rate sensor can be allocated individually in accordance with a set value o

floa/flav rate-selting deyice of an oxygen concentrator or independently of a
set flow rate. Since a flow rate sensor generally mounted on an oxygen

concepiaker, fife inventors have found that, by performing control similar to that
described above, for example, even when a flow rate sensor cannot detect exactly or a
flow rate adjustment device cannot adjust a flow rate exactly and an oxygen flow rate
becomes larger than the oxygen flow rate essentially to be inhaled by a patient, a raw
material air volume does not change, and thus when a product flow rate returns to
normal, increased electric power consumption due to setting of the capacity of a
compressed air supply device duly high is prevented.

In an oxygen concentrator having such a control device, a predetermined
threshold of a value detected by the flow rate sensor can be allocated individually in
accordance with a set value of a flow rate setting device of an oxygen concentrator or
independently of a set flow rate.

Since a flow rate sensor generally mounted on an oxygen concentrator for
medical use 1s required to have accuracy of about = 10% of a set flow rate as described
in the International Standard ISO8359 and Japanese Industrial Standard JIST7209,

however, it is desirable that a predetermined threshold of a value detected by a flow rate



medical use is required to have accuracy of about- 10% of a set flow rate
as described in the International Standard 1S08359 and Japanese
Industrial Standard JIST7209, however, it is desirable that a
predetermined threshold of a value detected by a flow rate 7 sensor be
set at a set flow rate + 10% and that the capacity of the compressed air
supply device is not allowed to change when a detected flow rate is +10%
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sensor used in the oxygen concentrator, a zirconia-type sensor an
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ultrasonic-type sensor and a heat wire-type sensor are generall
lowiher words, the present invention is as follows. (1) An pressure swing
adsorption-type oxygen concentrator provided with an adsorption bed
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and a compressed air supply device supplying compressed air to the
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produce unadsorbed oxygen and supplying an oxygen gas at a
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concentrator Is Composed of an oxygen concentration sensor detectlng a
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and a temperature sensor measuring an environmental temperature; the

(1pﬁ%@s%w&ngtmm;a@w%@%@%%eﬁm%%f_e@i@eﬁ/gﬁnl an adsorption
concentrator characterized by performing a control which
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supply device based on a detected oxygen
compressed air supply device supplying compressed air to the adsorption bed, adsorbing

and eliminating nitrogen in raw material air to produce unadsorbed oxygen and

supplying an oxygen gas at a predetermined flow rate by a flow rate setting device,

wherein
the oxygen concentrator is composed of

an oxygen concentration sensor detecting a concentration of an oxygen gas
produced by the oxygen concentrator, and

a temperature sensor measuring an environmental temperature;

the oxygen concentrator 18 a pressure swing adsorption-type oxygen
concentrator characterized by performing a control which increases/decreases a supply
airflow volume of the compressed air supply device based on a detected oxygen
concentration value to maintain an oxygen concentration at a predetermined
concentration, and being equipped with a temperature dependent control device
controlling a supply airflow volume of the compressed air supply device based on a

value detected by the temperature sensor when the value detected by the temperature



concentration value to maintain an oxygen concentration at a
predetermined concentration, and being equipped with a temperature
dependent control device controlling a supply airflow volume of the
compressed air supply device based on a value detected by the
temperature sensor when the value detected by the temperature 8 sensor
is outside a predetermined threshold. (2) The oxygen concentrator

seééS?&ﬂ%%ﬁgﬁé Sl%r é@{&%@%@%ﬁ%m{)%&ure dependent control device is a
. & ) ;
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temperature sensor detects a value wer than a pre
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concentrator. € oxygen concentrator ed in (1), wherein the
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control without allowing the supply " ow volume of the compressed air
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lower than a predetermined lower‘temperature limit of the "threshold and
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during running of the oxygen”concentrator. (4) The oxygen concentrator
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device is a device performing a control that makes a supply airflow
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airflow volume corresponding to an oxygen concentration value detected
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the oxygen concentration sensor when the temperature sensor detects a
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on start-up of the oxygen concentrator.
threshold and the supply airflow volume is lower than a predetermined airflow volume
during running of the oxygen concentrator.
(4) The oxygen concentrator described in any of (1) to (3), wherein the temperature
dependent control device is a device performing a control that makes a supply airflow
volume of the compressed air supply device to be higher than a supply airflow volume
corresponding to an oxygen concentration value detected by the oxygen concentration
sensor, regardiess of the value detected by the oxygen concentration sensor when the
temperature sensor detects a value lower than a predetermined lower temperature limit
of the threshold on start-up of the oxygen concentrator.
(5) The oxygen concentrator described in any of (2) to (4), wherein the lower
temperature limit is 5°C.
(6) An oxygen concentrator provided with an adsorption bed filled with an adsorbent
selectively adsorbing nitrogen relative to oxygen and a compressed air supply device

supplying compressed air to the adsorption bed and adsorbing and eliminating nitrogen



(5) The oxygen concentrator described in any of (2) to (4), wherein the
lower temperature limit is 5C. (6) An oxygen concentrator provided with
an adsorption bed filled with an adsorbent selectively adsorbing nitrogen
relative to oxygen and a compressed air supply device supplying
compressed air to the adsorption bed and adsorbing and eliminating
nitrogen 9 in raw material air to produce unadsorbed oxygen and
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setting device, wherein the oxygen con pose
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produced, and a flow rate sensor measuring an oxygen gas flow rate, the
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airflo

w volume of the compressed air supply device based on a detected
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predetermined concentration, and a flow rate dependent control dev
p.roQﬁEfQ&”&m a control without allowing the supply airflow volume of the
compressed air supply device to change when the value detected by the
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concentrator described in (6), whereina threshold of a value detected by
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of the flow Trate setting device or independently of a set flow rate value.
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dependent control device is a device performing a control without

codignsihe auRPIYAIHRMMAIUME Alxyeen concentration at a predetermined
concentration, and

a flow rate dependent control device performing a control without allowing the
supply airflow volume of the compressed air supply device to change when the value
detected by the flow rate sensor is outside the predetermined range.
(7) The oxygen concentrator described in (6), wherein a threshold of a value detected by
the flow rate sensor is allocated individually in accordance with a set value of the flow
rate setting device or independently of a set flow rate value.
(8) The oxygen concentrator described in (7), wherein a flow rate dependent control
device is a device performing a control without allowing the supply airflow volume of
the compressed air supply device to change, regardless of a value detected by the
oxygen concentration sensor when the value detected by the flow rate sensor is +10 %
or higher or -10 % or less of a set value of the flow rate setting device.
(9) The oxygen concentrator described in any of (6) to (8), wherein the flow rate sensor

is an ultrasonic-type flow rate sensor or a heat wire-type flow rate sensor.

(10) An oxygen concentrator provided with an adsorption bed filled with an adsorbent
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the compressed air supply device to change, regardless of a value
detected by the oxygen concentration sensor when the value detected by
the flow rate sensor is +10 % or higher or -10 % or less of a set value of
the flow rate setting device. (9) The oxygen concentrator described in any
of (6) to (8), wherein the flow rate sensor is an ultrasonic-type flow rate
sensor or a heat wire-type flow rate sensor. (10) An oxygen concentrator

selgg Vé %ﬂb%%ége%‘?@ g?ﬂol%l?ﬁgef%egx\g%%?g&pgocr(g%Be}gsg%é%% %E}%* device

sorbing nitro Ive to oxygen a compres vice

sup%ld!,@i?ﬂg DL GRNRLASIEd ARG §9ﬁ5’é&3%9%%t£%59159i'39rﬁ% ting nitrogen in

eliminating nitrogen in raw material air to pro nadsorbed oxygen

ravé"}ﬁa%é{ﬁ’aﬁ'ﬂﬂgt@rﬁ?&%@c‘%”&%ﬁs%&@e&&%%ﬁ{”éﬁ?% Ry &E!%‘% "B€ at a

setting device, wherein the oxygen concentrator is posed of a

pre¥YGRREANRSNrAaR SeRser delesling Acancepiiation of an oxygen gas

produced by the oxygen concentrator, a temperature sensor measuring an

th ' ﬂ@%tﬁ%ﬁﬂpﬁr@&%ﬁom@ flow rate sensor measuring an oxygen

gas flow rate, performing a control which increasing/decreasing a supply

airflowy,valume:of ohe AempressSed AlieURRly devicr hasedon deteget: sas

oxygen concentration value to maintain an oxygen concentration at a

prifedeterines E5tERlaM A temperature dependent control performing
a control a supply airflow volume of the compressed air supply device

based, g Makde-detrsied Ay iR leMRRIAWE SRS e heyalue
detected by the temperature sensor is outside a predetermined threshold,

and a;caniFohdewise PRIGIMIAG aflowdate slependant control without

allowing the

performing a control which increasing/decreasing a supply airflow volume of
the compressed air supply device based on a detected oxygen concentration value to
maintain an oxygen concentration at a predetermined concentration,

a temperature dependent control performing a control a supply airflow volume
of the compressed air supply device based on a value detected by the temperature sensor
when the value detected by the temperature sensor is outside a predetermined threshold,
and

a control device performing a flow rate dependent control without allowing the
supply airtflow volume of the compressed air supply device to change when the value
detected by the flow rate sensor 1s outside a predetermined range.

(11) The oxygen concentrator described in (10), wherein the control device is a control
device performing a control without allowing the supply airflow volime of the
compressed air supply device to decrease when the temperature sensor detects a value
lower than a predetermined lower temperature limit of the threshold and the supply

airflow volume is lower than a predetermined airflow volume during running of the
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supply airflow volume of the compressed air supply device to change
when the value detected by the flow rate sensor is outside a
predetermined range. (11) The oxygen concentrator described in (10),
wherein the control device is a control device performing a control without
allowing the supply airflow volume of the compressed air supply device to
decrease when the temperature sensor detects a value lower than a

Oxyégﬂqg&%g&iﬂ%%}ower temperature limit of the threshold and the supply
airflow volume is lower than a predetermined airflow volume during

(1%’%5‘8;( E'ﬂecojn%e??&’a‘ESPcfé‘éE‘ﬁﬁ_EﬁrﬂH'i-of&) (RS QNGER FRNEEANA G vice is a

escribed’in (10) or (11), wherein the control device Is a device

deﬁ%&fﬁ%’?}ﬂ}%ﬂlg%”%%ﬁﬁﬂﬁ%%ﬁe% ﬁ%&)ﬂ?ﬁﬂ%&/%‘f&%é’%mﬁe compressed air

compressed air supply device to be higher than. a supply airflow volume

sufOy SRRARAING, oML OX YA %%5‘{'}5‘ UARHAR ValuG Aeleered OYaiRE AXY¥ekygen

concentration sensor, regardless of the value detected by the oxygen

coORREREAUAN SRR MNAN IS IS MRELAHIS SEASP LARIGCIR & YRS e alue

than a predetermined lower temperature limit of the threshold on start-up

de&fct&laet?{mee \ERURI bRk TRARVIRBCARCNAAI HRSCHRRY Whrects a

any of (1) to (12), wherein the oxygen concentration sensor is a

vaRIECRWE YRR DVYERNLARCEN RN SRRSANRE Fihik HiARe T MREIY I8 -up of
concentration sensor. Effect of the Present Invention According to the

thdPEKSERN VRRHRRA highly concentrated oxygen can be provided
constantly to a patient independently of environmental temperature by an

(1 9XIRNBQRERNIFAIRMRGHRroNag 6eMtial ith yhieh & suPRIVWAIEISY the oxygen
volume of a compressed air supply device is increased/decreased based
coBBAMAIbE dRiREIed RY an sirconia-type oxygen concentration semsor or an

ultrasonic-type oxygen concentration sensor.

Effect of the Present Invention

According to the present invention, a highly concentrated oxygen can be
provided constantly to a patient independently of environmental temperature by an
oxygen concentrator performing control with which a supply airflow volume of a
compressed air supply device is increased/decreased based on a value detected by an
oxygen concentration sensor which detects an a oxygen gas concentration to maintain
an oxygen concentration at a predetermined concentration, which concentrator has a
temperature sensor which measures a gas temperature (environmental temperature), and
depending on a detected temperature value, a decrease in supply volume of the
compressed air supply device is not allowed, and airflow 1s supplied in a volume higher
than a supply airflow volume corresponding to a detected oxygen concentration value

on start-up so that an excessive decrease in supply air volume at low temperatures can
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oxygen concentration sensor which detects an a oxygen gas

concentration to maintain an oxygen concentration at a predetermined

concentration, which concentrator has a temperature sensor which

measures a gas temperature (environmental temperature), and

depending on a detected temperature value, a decrease in supply volume

of the compressed air supply device is not allowed, and airflow is
be?‘x‘@\wqui.n a volume higher than a supply airflow volume corresponding

0 a detected oxygen concentration value on start-up so that an excessive

decrepgg|0. SURRI A YOIHDS ALIGW IS TIPRIAUIES AR iﬁzogfggﬁey&%&%ation

Further, according tothe present invention, reduction in oxy

an@URERIAHOMANch AU SIE YA BIBENIE B%V%‘?é\%%@&&‘ MBHADIRIEA tube is

prevented even when a tube is flattened or when'the flow rate sensor

faABgiar dhe flow irteadivsienidevice danotnerk RosmalbyPaeviding, not

a flow rate sensor which measures an oxygen gas flow rate and

wRRTQHRIRG OOl RIS ¢SS Aat allow INFIEASRLISHIRARE IRy SURRIS flow rate

volume of thé ‘compressed air supply device depending on a detected

andl %rf%i}?%i@@rjﬂ&h%}g&{gﬁfés%%ﬂ@%ﬁ'%%ﬂ@&&@%&ﬁ@%hiﬂ@ of the

volume of the compressed air supply device is increased/decreased

coRpPed QN A @ Fatrstedibydhaxyden £opcentialionsensaie Whigh: oxyeen

detects oxygen gas concentration to maintain an oxygen concentration at

coﬁc&ﬁ@%&eﬁmﬁ%@@ﬁﬁﬁlﬁéi?ﬁb@%‘i&%e@%@%&k&@%@gﬁ Rig® Ldsice is
a

a schematic constitutional diagram of the oxygen concentrator according

indR-ABEIRIESBRYINMARHEA N0 T ig U8 IHC IR SGRE MRt e XPlanain By HIRaIaLaf sensor
the control of the present invention. :

which detects oxygen gas concentration to maintain an oxygen concentration at a

predetermined concentration.

Brief Description of Drawings
Figure 1 is a schematic constitutional diagram of the oxygen concentrator
according to the present invention.
Figure 2 is a schematic explanatory diagram of the control of the present
Invention.
Figure 3 is a schematic constitutional diagram of another aspect of the oxygen
concentrator according to the present invention.
Explanation of Numerals
1. Oxygen concentrator
3. User (patient)
101. External air intake filter

103. Compressor
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Figure 3 is a schematic constitutional diagram of another aspect of the
oxygen concentrator according to the present invention. Explanation of
Numerals 1. Oxygen concentrator 3. User (patient) 101. External air
intake filter 103. Compressor 13 104. Switching valve 105. Adsorption
cylinder 106. Equalizing valve 107. Check valve 108. Product tank 109.
Pressure regulating valve 110. Flow rate setting device 111. Filter 301.

%y%%ﬂt erg{@etion sensor 302. Flow rate sensor 303. Temperature
sensor Z%ﬁl‘%ﬁfontrol device 402. Recording device Best Mode for

Rﬁ(%@& H&ﬁf;ﬁ)ﬂﬁgpnt Invention An oxygen concentrator, an gxampl_e
of Illustrative entbodiment of the present invention, will be described with
[%@rggﬁaigntgga%gwings below. The present

107. Check valve

108. Product tank

109. Pressure regulating valve

110. Flow rate setting device

111, Filter

301. Oxygen concentration sensor

302. Flow rate sensor

303. Temperature sensor

401. Control device

402. Recording device

Best Mode for Carrying Out the Present Invention

mvention.

An oxygen concentrator, an example of illustrative embodiment of the present

invention, will be described with reference to the drawings below. The present

invention is not restricted by these embodiments in any way.

Figure 1 is a schematic constitutional diagram of an apparatus illustrating one

embodiment of the pressure swing adsorption-type oxygen concentrator of the present

In Figure 1, 1 and 3 represent an oxygen concentrator and a user (patient)

inhaling humidified oxygen-enriched air, respectively. Pressure swing adsorption-type

oxygen concentrator 1 is equipped with external air intake filter 101, compressor 103

that is a compressed air supply device, switching valve 104, adsorption cylinder 105,
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invention is not restricted by these embodiments in any way. Figure | is a
schematic constitutional diagram of an apparatus illustrating one
embodiment of the pressure swing adsorption-type oxygen concentrator of
the present invention. In Figure 1, 1 and 3 represent an oxygen
concentrator and a user (patient) inhaling humidified oxygen-enriched air,
respectively. Pressure swing adsorption-type oxygen concentrator 1 is

eqw?aq&iﬂgrexgawtq (?85@1‘1@ @Hw%t?b?v‘}lﬂtlﬁl&&% qt%i{?%%t&@%eéﬁ%iﬁﬁagalve 109,

compressed air Supply device, s ing valve 1 sorption cylifder

flowP P-4 ERHAIRIDI ValvE 319(9%ﬁ@?ch\faw%\]}t%?tlﬁg,o%%/%@p&ﬁgged air_can be

pressure regulating valve 109, flow rate setting device 110 and filter 111.

ectIRHNIG, CYQRMERNGEhed Ak an be, Ognaraled By conceniraing, an in from

oxygen gas from raw material air brought in from outside. Raw materia
ouigProught in an oxygen concentrator from outside is first taken in from
an air intake port equipped with external air intake filter 101 to eliminate

foreigp RartiglesAuah @s cliptiang e Ike OLUIRUME s I08Mde is first taken

atmospheric air contains about 21% oxygen gas, about 77% nitrogen

in 95 CaB 74 2T BRAk B ANE LigRed IRRBS SUSH AS ARG HRE ke BUSiminate

an oxygen concentrator selectively concentrates and isolates only the

folRNOGRGRR fediireskfon @ breathingigas. kerdsQlafing Y IeRBReric air
raw material air is pressurized by compressor 103 to supply the air to

coRGRRtRNCYInsex 105 filed withanadsarhsntcontaining zelitesandd 1.2%

the like, which selectively adsorb nitrogen gas molecules relative to

caQYARBHIAS NRIGAUISS bM1§U§§%$SiVS{)é§Wg§h@97y rgetef-alsIPtioRiectively
cylinders 105 by switching valve 104, and about 77% nitrogen gas

coROEHAHRLIRIIAWIANATEHIRI @ RSitle adsRiplier ayindged@misgeglectively
adsorbed and eliminated.

For 1solating such oxygen gas, raw material air is pressurized by compressor
103 to supply the air to adsorption cylinder 105 filled with an adsorbent containing
zeolites and the like, which selectively adsorb nitrogen gas molecules relative to oxygen
gas molecules, by successively switching targeted adsorption cylinders 105 by
switching valve 104, and about 77% nitrogen gas contained in raw material air inside
adsorption cylinder 105 is selectively adsorbed and eliminated.

Adsorption cylinder 105 described above is composed of a cylindrical vessel
filled with the adsorbent described above and is generally available as a one
cylinder-type, a two cylinder-type or further a multiple cylinder-type with three or more
cylinders. A multiple cylinder-type of adsorption cylinders 105 is preferably used in
order to continuously and effectively produce oxygen-enriched air from raw material air.
A rotating-type air compressor such as screw-type, rotary-type, scroll-type air
compressors and the like may be used in some cases as compressor 103 described above

in addition to a reciprocating-type air compressor. The power source of a motor to
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Adsorption cylinder 105 described above is composed of a cylindrical
vessel filled with the adsorbent described above and is generally
available as a one cylinder-type, a two cylinder-type or further a multiple
cylinder-type with three or more cylinders. A multiple cylinder-type of
adsorption cylinders 105 is preferably used in order to continuously and
effectively produce oxygen-enriched air from raw material air. A

arTQUARGINREAL FIMPLESSR! SHANAS SHHRN PG LarRT¥tyRe. scroll-type

air compressors and the like may be used in some cases as compressor

103 degcribed abaye 1 A0 A 164 E_‘i’lcgék“9§t¥9ﬁa§lrc%9598£%%ﬁ%hich is

The power source of a motor to drive this compressor 103 may be

noPHRLOAREI SHEE W, BrAN SCHAUEFas QXNISORMIRNEH L LANAN KRR tank 108

oxygen gas as a main component, which is not adsorbed in adsorption

vi£yipder 1ie.deseripad Rovasdsiflawn ig{%{ﬁdﬁ@ %@kf#&ﬁ Masedck into

valve 107 which is installed to prevent the gas from flowing back into

ad@slseRtion aylinges 105. Nitrogen gas adsorbed on the adsorbent filled in
adsorption cylinder 105 is now required to be desorbed from the

adsorhgnb inPIHRLIRIAKIS e ASsRRAL INRISARIDIINGR IR AIRIB is now

from freshly introduced raw material air. For this purpose, switching valve

redifkib #4564 SRBWileh fram RPiasSWiZeLCORAILieN ARRIBVRA R¥orbent to adsorb

compressor 103 to a depressurized condition (for example, atmospheric

nilPFESRULRSIAIaIAr MAgativeniressusariale}dQ dgsahdha Ritrogen 88 purpose,
adsorbed to regenerate the adsorbent. In this desorption step, an

swaYGRN-eehedsais My efowRBasc As & PHESR HASITraMaihenPiRANS ed by
outlet side of the adsorption cylinder during the adsorption step via

coftiuadizing0sive Hefisarden I iRASER Sesanmion RIlpIRMEY pressure state or
Oxygen-enriched air is produced from raw material air and stored in

nePh@EY @ressure state) to desorb the nitrogen gas adsorbed to regenerate the adsorbent.

In this desorption step, an oxygen-enriched air may be flown back as a purge gas from

the product outlet side of the adsorption cylinder during the adsorption step via

equalizing valve 106 in order to increase a desorption efficiency.

Oxygen-enriched air is produced from raw material air and stored in product
tank 108. The oxygen-enriched air stored in product tank 108 contains, for example,
an oxygen gas highly concentrated to a level of 95%. While pressure regulating valve
109, flow rate setting device 110 and the like subsequently control the supply flow rate
and the pressure, the oxygen-enriched air is fed to humidifier 201, from which a
humidified oxygen-enriched air is supplied to patient. For such a flow rate setting
device 110, in addition to an orifice-type flow rate setting device, a flow rate control
valve such as a control valve (CV) and the like may be used.

A set value of flow rate setting device 110 that sets a supply flow rate of

oxygen-enriched air, a concentration value on oxygen concentration sensor 301, an
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tank 108. The oxygen-enriched air stored in product tank 108 contains, for
example, an oxygen gas highly concentrated to a level of 95%. While
pressure regulating valve 109, flow rate setting device 110 and the like
subsequently control the supply flow rate and the pressure, the
oxygen-enriched air is fed to humidifier 201, from which a humidified
oxygen-enriched air is supplied to patient. For such a flow rate setting

acttlgV kﬁ@&é’r@ AfAdditionta 3 %@W?é%%%ﬁg%\{v fw?? ﬁ@tﬂ%&&‘ﬂi %%daﬂfllé)\ﬁ’eéection

rate control valve such as a control valve (CV) and the like may be used.

restvSehNalde:of oW aiciseling deviee L0LhAL SRIBESURRMIOWEAS Ghonitor

oxygen-enriched air, a concentration value on oxygen concentration

opSENSe" 3MiAkn L8 RCHR SxyEsn fowJatevalHe o fvarRie sensatd0% the

are detected, and the detection résults are stored in recording device 402

deRUEDASMEMONA and dhe Hkaite maniar araiatingsanditian, ARGAD motor for
oxygen production amount is adjusted based on the detection results.

cot%ﬁf’&%@hﬂ%@ ¥E‘%d}14f8@€<{ reveliytiansiaf aqletﬁcégﬁtmpﬁo&f%ly volume of raw
compressor 103 is controlled by control device 401 to control a supply

maAQMe;ef faw materiad ainand sWitshipeHEWNGRf JRSOPEON &NGontrolled by
desorption is controlled by controlling switching valve 104. A zirconia-type

coRFYARR SRNRAANChAR UKERSORICHYRNG BYIRR FRNSQINEIAKRE HSatASE-type
oxygen concentration sensor. A heat wire-type mass flow teeter and an

ox{lEaseRietYRs iR iate SaRSOHNEY Badsed @snthalaw ratasensar- 1B mass
ultrasonic-type sensor is preferable in terms of reductions in size and the

floRURBRF RAJCAMNRRGNS- SIRCEdbenablasoeasFeNanta of y/ge® rate sensor.
concentration and oxygen flow rate with one sensor. According to the

ArPigseRinivepticRnson ohigpasfomedie ncreaseldecieass: angupplyumber of
airflow volume of the compressed air supply device based on a value

coflpleaied Diince it enables measurements of oxygen concentration and oxygen flow
rate with one sensor.

According to the present imvention, control is performed to increase/decrease a
supply airflow volume of the compressed air supply device based on a value detected by
the oxygen concentration sensor which detects oxygen gas concentration to maintain an
oxygen concentration at a predetermined concentration and temperature sensor 303
measuring temperature of the apparatus is provided and a control device is changed
depending on a value measured by the temperature sensor.  In the present specification,
a control device performing control depending on a value measured by the temperature
sensor also refers to as a temperature dependent control device.

The control which does not allow the decrease in supply airflow volume of the
compressed air supply device is performed when the temperature sensor detected value
detects a value lower than a predetermined lower temperature limit (threshold) and the

control which makes a supply airflow volume of the compressed air supply device to be
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the oxygen concentration sensor which detects oxygen gas concentration
to maintain an oxygen concentration at a predetermined concentration
and temperature sensor 303 measuring temperature of the apparatus is
provided and a control device is changed depending on a value
measured by the temperature sensor. In the present specification, a
control device performing control depending on a value measured by the

hidRPPRIZIUre '§§&§f§f A5SEIERIRAS ALFRSIAINE dg,oe{plgeqfe?@gggg)l oxygen

device. The control which does not allow the decrease in supply airflow

coNQHMEA! g, LINDIRSE A SHRRBIYHEMGE 1, RRLBUNES, WAGR MG tion sensor

temperature sensor detected value detects a value lower than a

is @&%@@i%pv‘(ﬁé t?éﬂﬁ%féﬁﬂf@ Ugitdtheeshald)and the 16QRIrQhwhIGh 1o wer

makes a supply airflow volume of the compressed air supply device to be

tenkfeDIERENTRATDHA SHPRMA @{%NQ%’P%&E{%BM&%& & d&ieGi8dtion from

oxygen concentration value, regardless of a value detected by the oxygen

beg@q@%%gggﬁggm@%{@g%ggﬁﬁ{pﬁ%gje temperature sensor detects
a value lower than a lower temperature limit on apparatus start-up to

preven gRipdushOxyaanconsetaia FomhdeRgdonet Bab i ected value
predetermined concentration. In other words, when a value detected by

is Ihe demReratiig-aansRtdRiRetadnaluauis IWRr thana MELeIRIRINGd 4 supply
lower temperature limit, control which decreases a supply airflow volume

airPbihe CRMBLESSRAARUPRY ALViFH USRS ALAMPHESSAP ARG NS HkKEISike is
not performed. At this time, a control which does not allow the decrease in

noS YRRy adidlowAY ol 0 the campresserl allSURRI: IRV WRERASURRNpply
airflow volume is lower than a predetermined airflow volume is performed

aitfloaddiiamtodhedetasiion Rtiailowpp e mpaatweinitdpsiReedlasyvelume is
the control increases and it is preferable. The case where a supply airflow

lowelune isgeelcthanea preteteranned aFdiowrvRlimeddidion to the detection of a
lower temperature limit, the accuracy of the control increases and it is preferable. The
case where a supply airflow volume is lower than a predetermined airflow volume is a
case where a supply airflow volume is lower than the supply airflow volume to secure a
predetermined oxygen concentration in environment at a temperature lower than the
predetermined lower temperature limit. In other words, a predetermined airflow
volume is shown by a dotted line in Figure 2 and the lowest supply airflow volume to
enable a predetermined oxygen concentration in the environment at a temperature lower
than a predetermined lower temperature limit (5°C in Figure 2).

Specifically, region B in Figure 2 corresponds to the case where a value lower
than the lower temperature limit is detected and a supply airflow volume is lower than a
predetermined amrflow volume. Figure 2 explains the control depending on the

temperature according to the present invention. In Figure 2, a predetermined airflow

volume is set to be the same as the supply airflow volume on start-up at a temperature
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case where a supply airflow volume is lower than the supply airflow
volume to secure a predetermined oxygen concentration in environment
at a temperature lower than the predetermined lower temperature limit. In
other words, a predetermined airflow volume is shown by a dotted line in
Figure 2 and the lowest supply airflow volume to enable a predetermined
oxygen concentration in the environment at a temperature lower than a

iovRiEAGIeITIRe \OWRrIRMPREgIUre Ea@&ﬁ@iif'aaﬁ%mmgf

éci%!l\f(?']r example,
region B In Figure 2 corresponds to the case where a value lower than

1.oltff“?o'Q‘.’%@Fotﬁr%%%WSfli{;“éhéﬁ;f}%‘?ﬁ‘i% %mé%ﬂ%fﬂtﬂgwg%m&ﬁm of a

ower than a predetermined airflow volume. Figure 2 explains the control

lowISRERAING A G IS MREIRIUIG RGN HNALR RS PIRSERAIRY %%tiggi'é%etemﬁned

Figure 2, a predetermined airflow volume is set to be the Same as the

loviPR, BEHRWYOlHE IRSIAHRRLHIGIRSMUR 13 Jaush hama oWk, o

temperature limit. A predetermined airflow volume is, for example, 1.05 to

tené%gfé%gei nereeseata st RRIYAIRMYQIUME,0n SRR &t A4 MRS mined

a lower temperature limit or higher, although it the differs depending on

lov?ePrt%%t&%i&eﬂnJRV‘é%t%@E}%W‘Hﬁﬂmtﬁgxﬂ&@%?%mﬁ% 2P ermined

concentration. When a. temperature sensor detected value detects a

airfRPRSAIHEE [QWEEENAN G REGISIGIMINEd IR WL TR SraRUIR: ITIHand Apressed

supply airflow volume is higher than a predetermined airflow volume,

Air CRIPER) Whigh desreasasdhgsunRly Alflow Yalumeof theeampsgssedall this

supply device such as a compressor and the like is performed.

corPRpeHieatly rdbisn COHESRARGS Q. Fe W ARl Rl KR RIHFRAWRI TR R Figure
lower temperature limit in Figure 2. Region A is the shaded area in Figure

2. 2 Rcaddiognhwheaterp el #luigsensor detects a temperature lower

than a predetermined lower temperature limit on start-up of the

apparptugidt:isiefieBbiMeatQemperature sensor detects a temperature lower than a
predetermined lower temperature limit on start-up of the apparatus, it is effective to
increase a supply airflow volume in advance to promote softening of a piston ring, since
the piston ring of a compressor in an oxygen concentrator using a compressor as the
compressed air supply device is hardened. Accordingly, when the temperature sensor
detects a temperature lower than a predetermined lower temperature limit on start-up of
the apparatus, control which increases the supply airflow volume of the compressed air
supply device such as a compressor and the like to supply at a higher volume than the
supply arrflow volume for a detected concentration value 1s performed.  Although this
higher supply airflow volume differs depending on the respective predetermined flow
rate (formulated flow rate), it is, for example, 1.05 to 1.2-fold increase of a supply
volume at a temperature of a lower temperature limit or higher and it can be set in

advance.

As the control which increases/decreases a supply airflow volume of the
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increase a supply airflow volume in advance to promote softening of a
piston ring, since the piston ring of a compressor in an oxygen
concentrator using a compressor as the compressed air supply device is
hardened. Accordingly, when the temperature sensor detects a
temperature lower than a predetermined lower temperature limit on
start-up of the apparatus, control which increases the supply airflow

co%{;?ﬁﬁ}@d%ﬁh&g@m RIGTEEDALSHPRIY ARYICR fUER %} g?%%%%%s% 1%%gtration

e to supply-at a higher volume than the supp ume for a

sexgs&egés&&ﬁxr%qsﬁ%égﬁgsm qﬁJ&%Hpﬂg%&ﬁB&ﬁ@dﬁﬁann@Hﬁfvgfﬁ%mxn input

airflow volume differs depending on the respective predetermine 0

vafdSIQEMYIALE IRV RIE kil o 'RHE¥AMIN G HOR 10, Li2rlAIINGIGASE LS Rrget

supply volume at a temperature of a lower temperature limit or higher and

Vaiﬁg%%%éﬂnc&%\é%ﬂ%%oﬁs ﬁneiﬁ%%l Wiegdﬂgqe%%ﬂ%rﬁqﬁﬁﬁ value is

supply aifflow volume of the 19 compressed air supply device based on a

mafAifALiected Ry 4he Q)XXQqﬂt@&ﬂﬁ@ﬂ%ﬂ@o?@%ﬁ@ﬁgoéqi@Q(}H%mﬁ_combining

present invention, a proportional (P) control in which aninput value is

thdQanipuiaLesk I BROROEIRALG AsdgVviation between a detected value and a
target value of oxygen concentration., an integral (1) control in which an

input yalygigiomapipuiated 'g@@@%@'ﬁ{aa&%@mi@ée@éﬁme\/%ueeefa stabilization
deviations, a PI control combining these, and the like can be suitably

rbtSest 1B SElGitiRn, 9T Re SYIER SPRSRANAP At isdesiieRIae S&hanse time of

stabilization time to the operation of the compressed air supply device,

oxthRbiZolRAeeRONSS HANS /f AXYSRNEONCRAVABAIQPES (RILMINIESon, an

According to the present invention, an increase/decrease in supply airflow

indfeH4mgcefdhe GaMRresses-AllvURRMAeYiceHs determinad RASEFN Bevice is
detected oxygen concentration value with an interval of 5 to

determined based on a detected oxygen concentration value with an interval of 5 to

10-minute stabilization time.

Since an adsorption/desorption speed of the adsorbent decreases and a volume
of nitrogen desorbed in the desorption step decreases at low temperatures, the volume of
adsorbed nitrogen gradually increases. Accordingly, a response of a decrease in
oxygen concentration by control of increasing/decreasing a supply airflow volume of
the compressed air supply device, especially control of decreasing a supply airflow
volume is delayed.

1f a response time of oxygen concentration takes long, control may be overshot.
Further, in an oxygen concentrator using an adsorbent, properties of the adsorbent differ
depending on the termperatures and it is confirmed that a response time of oxygen
concentration to supply airflow volume takes fong when environmental temperature is

low and the supply airflow volume is decreased.

The temperature at which a response time of oxygen concentration to supply
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10-minute stabilization time. Since an adsorption/desorption speed of the
adsorbent decreases and a volume of nitrogen desorbed in the
desorption step decreases at low temperatures, the volume of adsorbed
nitrogen gradually increases. Accordingly, a response of a decrease in
oxygen concentration by control of increasing/decreasing a supply airflow
volume of the compressed air supply device, especially control of

airﬁgﬁr%%gc%%g Wbﬁgi{él%Weﬁéﬁ!)%&scgﬁ!ﬁﬁegiﬂ%g Eﬁggg&ﬁglﬁﬂﬁgfabsorption

oxygen concentration takes long, control may be overshot. er, in an
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depending on the temperatures and it is confirmed that a response tim
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environmental temperature is low'and the supply airflow volume Is

JbOGCrEARed;sThe IBRpRIAMIE A WG & e 05 QBRI 1o supply air

concentration to supply 20 airflow volume takes Iong to overshoot the
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the adsorbents. It has been confirmed that in the present invention, a
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above control is not observed, that is, response of the oxygen

deCRASENTALAD 1A SURRIXANI VRIVERS ISSKEIRIEREID SAVKORMEHLAERE o1 higher.
Consequently, a lower temperature limit for a control at which a supply

AcbHowRlume Rktheirompressad BivauRRpdaNice lisides 68366 RasRErease a
on a detected oxygen concentration value may be 5C or higher.

sufRCarEmatedhenRreseRtipyeRtian, the gﬁlgg, terpperatsre limit for control
e

to decrease a supply airflow volume of compressed air supply device

is 5C. Wiarnadaprenasng dwerihan GG iadetestasd AHHNgMRiRd R dupply
a supply
airflow volume is lower than a predetermined airflow volume, control which decreases
a supply airflow volume of the compressed air supply device based on a detected
oxygen concentration value is stopped even when the oxygen concentration is higher
than a predetermined value. On the other hand, control which increases a supply
airflow volume of the compressed air supply device based on a detected oxygen
concentration value is maintained when an oxygen concentration is lower than a
predetermined value. When a value lower than 5°C is maintained, this control is
performed, and when a value detected by the temperature sensor exceeds 5°C, the
control is switched to ordinary control of a supply airflow volume of the compressed air
supply device based on a detected oxygen concentration value.
When the environmental temperature sensor detects a temperature lower than
5°C on start-up of the oxygen concentrator, a supply airflow volume of the air supply

device is controlled to secure a predetermined product concentration at the lower

temperature lLimit for guaranteed operation of the present invention, that is,
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airflow volume is lower than a predetermined airflow volume, control which
decreases a supply airflow volume of the compressed air supply device
based on a detected oxygen concentration value is stopped even when
the oxygen concentration is higher than a predetermined value. On the
other hand, control which increases a supply airflow volume of the
compressed air supply device based on a detected oxygen concentration

en\fﬂ%iﬁﬂén%?@ﬁ\&%gt%e AIEXYIFN 8%8@”5@%’@ ﬂérﬁ‘éﬂ%hﬁ@a%ﬁ%ﬁr detects a

predetermined value. When a value lowerthan 5C is maintaine S

teipRALS pgEPMEdsand aaﬁ&as%m&ﬁesqescgﬁ%s%?yiﬁhg HARIAMIE: than the
sensor exceeds 5C, the control is switched t

o ordinary control of asupply

sudflowvolime.of dhe-compipssed Al UpPideyicehasal o A AGIREIE: the

oxygen concentration value. When the environmental temperature sensor

oIRIRRIS & ISReLaFS: layyet than 5C on start-up of the oxygen

concentrator, a supply airflow volume of the air supply device is controlled

to secyre fiRIGHeIgIRINRAAIRAUGLEONGRRIHON LR Q¥ herature of 5°C or

temperature limit for guaranteed operation of the present invention, that is,
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sensor detects a temperature lower than 5C, control which supplies air in

sufpIPl4MG Rrgsuthan thgeShP RV VAINRE i§) p@é@%ﬁ@@%ﬁ@iﬂﬁé’%ﬂ&ﬁly airflow
ecrease in concentration due to the overshooting of the control above. In
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or higher, since overshooting of the control is not concerned, control

clyhiehaliwsshangurply iflowpphime of the air supply device to

decrease until the supply airflow volume corresponds to the oxygen
conceptiatian yhpe R raegcthenebyecreasing shemplestiic BPWET or higher on

consumption of the apparatus.
start-up and then a temperature lower than 5°C and a supply airflow volume is lower
than a predetermined airflow volume, control which does not allow the supply airflow
volume from the airflow volume supplied when the temperature sensor detects the
temperature lower than 5°C to decrease is performed.

In another aspect of the present invention, an oxygen concentrator is provided,
which performs control which increases/decreases the supply airflow volume of the
compressed air supply device based on a value detected by an oxygen concentration
sensor which detects oxygen gas concentration to maintain the oxygen concentration at
a predetermied concentration and which is equipped with a flow rate sensor which
measures oxygen gas supply flow rate and performs control which does not allow the
supply airflow volume of the compressed air supply device to increase/decrease when a
detected flow rate is outside the flow rate range determined in accordance with the set

flow rate. Since the temperature sensor is not essential in this case, Figure 3 shows an

embodiment excluding a temperature sensor from Figure 1. In the present
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Further, when the temperature sensor detects a temperature of 5C or
higher on start-up and then a temperature lower than 5C and a supply
airflow volume is lower than a predetermined airflow volume, control
which does not allow the supply airflow volume from the airflow volume
supplied when the temperature sensor detects the temperature lower
than 5C to decrease is performed. In another aspect of the present

spdBMRDHQR, qr}&wgﬁ&m@%ﬁlﬁgm{ g&gﬁ@eo%e%f%mi%ea&?é@éd%?mgte value

which increases/decreases the sup rflow volume of the compressed

1315 SURRLY £1Ries Raser Al @llg Jaigsied by an oxygen concentration

sensor which detects oxygen gas concentration to maintain the oxygen
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with a flow rate sensor which measures oxygen upply flow rate an
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compressed air supply device to increase/decrease when a detected flow
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ow rate. Since the temperature sensor is hot essentia IS case,
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Figure 1. In the present 22 specification, a control device performing
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dependent control device. As the control which increases/decreases the
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value detected by the oxygen concentration sensor, a proportional (P)

(Heel nhichiRe M byalugbsmanipulated in proportion to a deviation
between a detected value and a target value of oxygen concentration, an
integraldd)eRpiral iRyHHGRR MY IEIS fMABIRWALRR IR PEORRITORNAS of the
integration value of deviations, a PI control combining the proportional (P)

coa@tigbansithepliedtivice at an interval of 5 to 10-minute stabilization time.

Especially when an oxygen flow rate is decreased over a long time due to tube
flattening and the like during sleeping and the like to increase an oxygen concentration,
leadmg to a decrease in the supply capacity of the compressed air supply device,
however, a decrease in supply capacity at 5 to 10-minute intervals may lead to an
unduly decrease in supply capacity of the compressed air supply device. Accordingly,
if the oxygen flow rate returns to normal, an oxygen concentration alarm may be
activated even though the apparatus is essentially not in trouble by the time when the
capacity of the compressed air supply device returns to that required for normal oxygen
flow rate.

According to the present invention, by not only detecting an oxygen
concentration but also determining whether or not the supply airflow volume of the
compressed air supply device is increased/decreased based on the detected oxygen gas

flow rate value at an interval of 5 to 10-minute stabilization time, activation of
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(I) control, and the like may be suitably used. According to the present
invention, it is efficient to determine the control of the compressed air
supply device at an interval of 5 to 10-minute stabilization time. Especially
when an oxygen flow rate is decreased over a long time due to tube
flattening and the like during sleeping and the like to increase an oxygen
concentration, leading to a decrease in the supply capacity of the

un&&%ﬁ??%?&sméfnﬂ%&? alBIWENEI S HESIGRSA UL HRRYY ﬁ?iooéﬁﬂé&@ths is

5 to 10-minute intervals may lead to an unduly decrease in supply
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flow rate returns to normal, ah oxygen concentration alarm may he
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time when the capacity of the compressed air supply device returns to

cotRatgRaMred fﬂ%fh%mgl @XYIRAHOW F IR ARGRFAING: 19ithe RIRSABYice may be

invention, by not only detecting an oxygen concentration but also
Suﬂg@g@@ning whether or not the supply airflow volume of the compressed
air supply device is increased/decreased based on the detected oxygen

gas flawrate valug ahan iiernvakof R1R:L0-fpinvie stalilizaltondimeie oxyeen
activation of 23 unnecessary oxygen concentration alarm during normal

cofReAMAN Rf e ARRAT&IHS S YS GliMinAIet NRAWNEMANPYE&Mow rate is
concentration is increased or decreased due to the decrease or increase

hidRIOXYE8M ok rate AnghUpRBLEsSan: IRg IR RISELEIC PAWESresent invention
consumption for increasing the capacity of the compressed air supply

enSlSVICR MANCRE (BEAREREIRAy T thaichandhe Ao Wiiale SRS ARRGRUERSY when
required for the oxygen concentrator is taken into consideration, a flow

thd Al autaideols of Baldawdaigiison.

Further, according to another aspect of the present invention, an oxygen
concentrator is provided, which performs control that increases/decreases a supply
airflow volume of the compressed air supply device oxygen based on a value detected
by an oxygen concentration sensor which detects a gas concentration to maintam an
oxygen concentration at a predetermined concentration, is provided with a temperature
sensor that measures a temperature of the apparatus and switches a control device
depending on the value measured by the temperature sensor, and also 1s provided with a
flow rate sensor that measures an oxygen gas supply flow rate and perform control that
does mnot allow the supply volume of the compressed air supply device to
increase/decrease depending on the detected flow rate value.

As the oxygen concentrator, the apparatus having an oxygen concentration
sensor, a flow rate sensor, and a temperature sensor as shown in Figure 1 is applicable.

In other words, when the temperature sensor detected value detects a value

lower than a predetermined lower temperature limit, and preferably a supply airflow
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highly possible to be an abnormal as the oxygen flow rate. The present
invention enables to achieve the desired oxygen concentration and
oxygen flow rate quickly when the apparatus returns to the normal
condition. Further, according to another aspect of the present invention,
an oxygen concentrator is provided, which performs control that
increases/decreases a supply airflow volume of the compressed air

vo RRPlrdRY i&%ﬁ?%gs%'a Qﬂsﬁﬁja e? gevalus daectedPyian DD ermined supply

concentration sensor which ects a gas concentration to maintain an
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temperature sensor that measures a temperature of the apparatus and
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temperature sensor, and also is provided with a flow rate sensor t
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not allow the supply volume of the compressed air supply device to

2aiGHRASGIIRCTARSE ARPRDARGION the IelecaddanhiaBARIE AR 18 flow rate,

oxygeh concentrator, the apparatus having an oxygen concentration
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1 is applicable. In other words, when the temperature sensor detected
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and preferably a supply airflow 24 volume of the compressed air supply
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an oxygen gas supply flow rate is outside the flow rate range determined

airP@sed-on ihe gebiowdaie (rantirt thaldoesiehalline suRRlyGHHaY to the

volume of the compressed air supply device to decrease is performed,;
dewben axyoxygencaat:uRRYflow gate ismegtside the flow rate range

determined based on the set flow rate, control that does not allow the
supplg aictlani @iy nee afitiveneomprassesl aly stipplyature and the control by flow
rate, described above, double explanation will be omitted.  For example, the following
matters are similar to those in the above aspects: the lower temperature limit 1s set at
5°C; the threshold of a value detected by the flow rate sensor is allocated individually in
accordance with a set value of the flow rate setting device or independently of the set
flow rate; when a value detected by the flow rate sensor is +10% or higher or -10% or
lower of the set value for the flow rate setting device, control that does not allow the
supply airflow volume of the compressed air supply device to change is performed
regardless of the detected value of an oxygen concentration sensor.
According to the present invention, a desired oxygen concentration is stably

provided.
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device to increase is performed; and further when a temperature lower
than a lower temperature limit is detected on start-up of the apparatus,
control that makes a supply airflow volume to be higher than the supply
airflow volume corresponding to the detected oxygen concentration value
is performed. Since this aspect combines the control by temperature and
the control by flow rate, described above, double explanation will be
omitted. For example, the following majters are similar to those in the
above aspects: the lower temperature limit is set at 5C; the threshold of a
value detected by the flow rate sensor is allocated individually in
accordance with a set value of the flow rate setting device or

. IndepgRdgpily, of e s J@W{ﬂﬁi-%@%@q‘@éﬁ%@%@ﬁ'&?ﬁ&ygﬁvf&w ‘A an

sensor is + 10% or higher or - ' 10% or lowér of the set value for the flow
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compressed air supply device to change is performed regardless o

andg daigriad-yalue QbAR ANIEN SRR AN FERSAr  AGEONINGLB NG n bed,

present invention, a desired oxygen concentration is stably provided. 25
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provided with an adsorption bed filled with an adsorbent selectively
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supplying compressed air to the adsorption bed, adsorbing and

cofMRLNg nitrogen in raw material air to produce unadsorbed oxygen
and supplying an oxygen gas at a predetermined flow rate by a flow rate

setting dgyigen CARRIRIRGg RRQXYIQREONEENMratinf-38R56eK dFtantifgyden gas
concentration of an oxygen gas
produced by the oxygen concentrator,
a temperature sensor measuring an environmental temperature,
performing a control mcreasing/decreasing a supply airflow volume of the
compressed air supply device based on a detected oxygen concentration value to
maintain an oxygen concentration at a predetermined concentration, and
a temperature dependent control device controlling a supply airflow volume of
the compressed air supply device based on a value detected by the temperature sensor
when the value detected by the temperature sensor being outside a predetermined
threshold.
2. The oxygen concentrator according to claim 1, wherein the temperature
dependent control device 18 a control device performing a control without allowing the
supply airflow volume of the compressed air supply device to decrease when the
temperature sensor detects a value lower than a predetermined lower temperature limit

of the threshold during running of the oxygen concentrator.

3. The oxygen concentrator according to claim I, wherein the temperature
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produced by the oxygen concentrator, a temperature sensor measuring an
environmental temperature, performing a control increasing/decreasing a
supply airflow volume of the compressed air supply device based on a
detected oxygen concentration value to maintain an oxygen concentration
at a predetermined concentration, and a temperature dependent control
device controlling a supply airflow volume of the compressed air supply

deRVGR BaSEG AR dalE dalaciar BYINR ISMBRIAIIS SENSRINIEM NG ing the

value detected by the temperature sensor being outside a predetermined

sufPreShad w2 b RERXYEanCARRERLAIY aECOIing ICiRIM . MORIGID fen the

temperature dependent control device is a control device performing a
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supply device to decrease when the temperature sensor detects a value

of @W_@lﬁr@%ﬁ@l& mgc{ﬁéegﬂyﬁ@dak?m tempataung Wmitheh the thueshelded airflow
during running of the oxygen concentrator. 3. The oxygen concentrator

vo@?&@@iﬁﬂg%ﬁlﬁ' dr whersipthesiemperature 26 dependent control
device is a control device performing a control without allowing the supply

4. airflowyolymef the.campissedAmsnpdevigedndacreagse Whentbg the
temperature sensor detects a value lower than a predetermined lower
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an a predetermined airflow volume during running of the oxygen
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wherein the temperature dependent control device is a device performing

air8@OREalthatonakesmaisuppiy aiflow vehme afibieenmkassed Birthe oxygen
supply device to be higher than a supply

concentration sensor, regardless of the value detected by the oxygen concentration
sensor when the temperature sensor detects a value lower than a predetermined lower
temperature limit of the threshold on start-up of the oxygen concentrator.
5. The oxygen concentrator according to any of claims 2 to 4, wherein the lower
temperature limit is 5°C.
6. An oxygen concentrator provided with an adsorption bed filled with an
adsorbent selectively adsorbing nitrogen relative to oxygen and a compressed air supply
device supplying compressed air to the adsorption bed, adsorbing and elimmating
nitrogen in raw material air to produce unadsorbed oxygen and supplying an oxygen gas
at a predetermined flow rate by a flow rate setting device, comprising:

an oxygen concentration sensor detecting a concentration of an oxygen gas
produced,

a flow rate sensor measuring an oxygen gas flow rate,

the oxygen concentrator performing a control increasing/decreasing a supply

airflow volume of the compressed air supply device based on a detected oxygen
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airflow volume corresponding to an oxygen concentration value detected
by the oxygen concentration sensor, regardless of the value detected by
the oxygen concentration sensor when the temperature sensor detects a
value lower than a predetermined lower temperature limit of the threshold
on start-up of the oxygen concentrator. 5. The oxygen concentrator
according to any of claims 2 to 4, wherein the lower temperature limit is
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an adsorbent selectively adsorbing nitrogen relative to oxygen an

cotQnRLassed.,air supply device supplying compressed air to the adsorption
bed, adsorbing and eliminating nitrogen in raw material air to produce
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flow rate by a flow rate setting device, comprising: an oxygen
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produced, a flow rate sensor measuring an oxygen gas flow rate, the

deRXYIER GARFRAITAIRr RAEIRTRING §.F90FaldDrIsRAINGIAEEIGASING a supply
airflow volume of the compressed air supply device based on a detected
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~ predetermined concentration, and a flow rate dependent control device

deRetargyng-ameantel Withev i avning dhed Suppiy Rkl ove VILBe WiHNE set value
compressed air supply device to change when the value detected by the

of enatesensaiheirgieutsideitieREedeisImingdiaNgae fallige oxygen
concentrator according to claim 6, wherein a threshold of a value

8. detectegkhyk {heiflownsaitsonsREésaHecater indwiduallyiin2E6Qrdaac@pendent
with a set value

control device is a device performing a control without allowing the supply airflow
volume of the compressed air supply device to change regardless of a value detected by
the oxygen concentration sensor when the value detected by the flow rate sensor is
+10 % or higher or -10 % or less of a set value of the flow rate setting device.
9. The oxygen concentrator according to any of claims 6 to 8, wherein the flow
rate sensor is an ultrasonic-type flow rate sensor or a heat wire-type flow rate sensor.
10. An oxygen concentrator provided with an adsorption bed filled with an
adsorbent selectively adsorbing nitrogen relative to oxygen and a compressed air supply
device supplying compressed air to the adsorption bed, adsorbing and eliminating
nitrogen in raw material air to produce unadsorbed oxygen and supplying an oxygen gas
at a predetermined flow rate by a flow rate setting device, comprising:

an oxygen concentration sensor detecting a concentration of an oxygen gas
produced by the oxygen concentrator,

a temperature sensor measuring an environimental temperature,

a flow rate sensor measuring an oxygen gas flow rate,
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of the flow rate setting device or independently of a set flow rate value. 8.
The oxygen concentrator according to claim 7, wherein a flow rate
dependent control device is a device performing a control without
allowing the supply airflow volume of the compressed air supply device to
change regardless of a value detected by the oxygen concentration
sensor when the value detected by the flow rate sensoris +10 % or
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oxygen concentrator according to any of claims 6 t erein the flow
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rate sensor. 10. Ah oxygen concentrator provided Wwith an adsorption bed
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and a compressed air supply device supplying compressed air to the
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produce unadsorbed oxygen and supplying an oxygen gas at a
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oxygen concentration sensor detecting a concentration of an oxygen gas
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environmental temperature, a flow rate sensor measuring an oxygen gas

prélffalR .4 $R]K9rMIRg a control increasing/decreasing a supply airflow
volume of the compressed air supply device based on a detected oxygen

conceniatian value: e Rainiainah dygeagrsentraliafdbdthout allowing the
predetermined concentration, a temperature dependent control performing
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ased on a value detected by the temperature sensor when the value
defiRiegled thy e IBMPRRBIBSRNSafRRINGD AISIdiethed range.

1. The oxygen concentrator according to claim 10, wherein the control device is a
control device performing a control without allowing the supply airflow volume of the
compressed air supply device to decrease when the temperature sensor detecting a value
lower than a predetermined lower temperature limit of the threshold and the supply
atrflow volame being lower than a predetermined airflow volume during running of the
oxygen concentrator.

12. The oxygen concentrator according to claim 10 or 11, wherein the control
device is a device performing a control that makes a supply airflow volume of the
compressed air supply device to be higher than a supply airflow volume corresponding
to an oxygen concentration value detected by the oxygen concentration sensor,
regardless of the value detected by the oxygen concentration sensor when the
temperature sensor detects a value lower than a predetermined lower temperature limit

of the threshold on start-up of the oxygen concentrator.

3. The oxygen concentrator according to any of claims 1 to 12, wherein the
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predetermined threshold, and a control device performing a flow rate
dependent control without allowing the supply airflow volume of the
compressed air supply device to change when the value detected by the
flow rate sensor being outside a predetermined range. 11. The oxygen
concentrator according to claim 10, wherein the control device is a control
device performing a control without allowing the supply airflow volume of

ox{BEn COMPLRSIATHALAURPLY dae\ﬂﬁso%adsg{%ﬁg;%&e%&p&}ﬁm&&ﬁa&ﬁ%@r or an

sensor detecting a value lower than a pre ined lower temperature

ultlﬁ@éﬁ%@ﬁé@ beld,and the:supply, airflow volume being lower than a
predetermined airflow volume during running of the oxygen concentrator.
12. The oxygen concentrator according to claim 10 or 11., wherein the
control device is a device performing a control that makes a supply
airflow volume of the compressed air supply device to be higher than a
supply airflow volume corresponding to an oxygen concentration value
detected by the oxygen. concentration sensor, regardless of the value
detected by the oxygen concentration sensor when the temperature
sensor detects a value lower than a predetermined lower temperature limit
of the threshold on start-up of the oxygen concentrator. 13. The oxygen
concentrator according to any of claims 1 to 12, wherein the 29 oxygen
concentration sensor is a zirconia-type oxygen concentration sensor or an
ultrasonic-type oxygen concentration sensor. 30
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